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WINDAGE JUMP OF A ROCKET PIRED NTARLY VERTICALLY

Abstract

For ressons of safaty thare is a need or an adequste theory by
means of which the effeots cf the wind on t%2 uaguided missiles fired
nesrly vertioally at Trite Sands may be predicted., In addition, swh
s theory is needsd in comnsction with the deaign cf rcck2ts and the
analysis of their dispersion., In view of the practical importance of
these matters, an independent attacz on the develcpment of e theory

"was undertaken, Cur theorstical results are in complsete agreement with
those given by Blitszer (1). Our theory appeers tc be consistent also
with that given by Peters (2) if the motion is referred to the air.
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UNANNOUNCER

(1) " CIT/JPC 7, "Bffect of Wind on ths Mean Deflection of Rockets
by Leon Blitzer, February 1343.

(2) BRL Report No, 556, "An Aaslysis of the Trajectory of a Rocket
Fired With Initial Angular Velocity and Small Initial Yaw", by
A, 8. Peters, August 12.5.
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In th: ;lassical wind %hecry (see Cranz, lehrzuch der Ballistik,

1 Volume I, p. 252) trans?é-mation is made to a cocrdinats syster moving
with the wind, the assuaption bsing mads that the zissile immediately
poiats nose or intc ths wind, In *this way the prcblem cf the motiva
xith wind is5 reduced =5 a problem of the motion under staaderd conditions
without wind, Afisr tna traisctory has been computed on the moving ¢o-
crdi;ate system, allowaace is made for the distance the muving ccordinate
system has moved during the time cf flight. An examinstion of the motion
of a rocket, perticularly one having very hijh accelerztion, makes it
apparent that the classical assumption that the rocket turms instantaneously
into the wirnd at the end of the launcher is not wvalide, It therefcre
beccmes necessary to consider the effects cf the failure of this assumptiom.

Wo assuze that & rocket is launched nearly vertically with initial
velocity v, and that there is a horizontal wind, constant with respesct to
altitude end dirsction, of veloecity w, blowing towards the right as shown

in Pig. 1.
Direction of launching
of
S
‘ %
: W -
L] I Fis . 1

If one transforms to axes moving with the wind, the direcotion of projestion 1
makes an angle X ziven by tanX = + X with the direction of projection
v

:
:

°
in the fixed axes if 8, the angle of projsction is npproxin‘tely'gf

(Angles sre measursd from the ‘rositive x axis in a occunter clookwise di-
rection,) As his bes1 mentioned, however, the actual trajeotory of the
rocket will nct coincide with the direction indicated except at the orizinm
because of the cross fcrces acting on the rcckat before it settles down,
®e shall assume that the rocket is acted on by the following system of
forcess & restoring moment given by L& where 3 is the angls of yaw, and
2 thrust T setinz alonc its axis whion will therefore have & cross com-
ponent spproximately equal to T§ if 8 is smell, It will have a component
along the trajectory of approximately T.

Lat us now corsider the yawing motion of the rocket under these

conditions in the meving c. —~dinate system, Lst g be ths angle that the
sxis of the rocket maces with the horizontal, let & be the angle that the

\ . *The motlon of the rcokat including the effects of the initial yaw have
y been trested by zlitzer snd Peters; see references (1) and (2),
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tapgeat to the trajectory amkes with the horizontal, and lai . Ye the
angle of yaw so that # = 9 + 5, See Piz, 2,

&
Mg, 2
The oquttion' of motion 1s therefore
B + u$=0 : . :

- | grg2m=o .

In this B is the moment of inertia about the transverse axis through the
oenter of gravity. From the equation for centripetal force

!215 3
R (2

where v is the velosity of the rocket and m its mass, If ?. is oconsidered ,
oonstant)we have, upon differentiation, B

(e224 G- =0 SO

If w» have ths solution tor (3), the inclination of the trajsetory in i
the moving system at any time t by virtue of (2) is found to be - '

t
o-ggédt-o-oo | ’ (L)

where O, is the inclination of the trajectory when t = 0, If ¢, is the {
time when the rooket stops burning ]

o =Pﬂdt+0.
b o = °

*1% 1s plausible tc assume that the actual thrust is constant while the mass
is diminishing; however, the resultant accelerating fcrce is equal to the

thrust minus the dreg, and since the dreg is inoreasing it may vary well
turn out that the ratio of the resultant rccelerating force tc the mass will

be nearly enough constant for most rractical purposes, 1

i
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otb - Oa or the difference bYetween the initial and final inclinations

of the trajectory is called the 'windage jump' of the rockstes

Por simplicity we sssume that (in sccordance with the assumption that
?/m is constant)

vEa +dt
T=ab
P
where
a is the nlooit; upon leaving the launsher
b is the acceleration assumed constant
and n is /(/vz assumed constant,
With these aesumptions (3) becomes
FPRE: +["“§""2- Lol P (Y

§eT (a +bt)¢

The general solution may be shomm to be

$ =0 3y (2 (a4bt)2) + o J_%(ﬁ(ubt)"’)
(5)

= °1J_271r_-. !Ts'}s'ﬂ' oo i2(¢+bt)2+ ozmnﬁ-‘:’ sin [?(c'fbt)a

where I2 = 1/ a/B + 1/2b and o, and e, are ccnstants.

If a is greater than O, as it is in the present case, the solution
takes the form

.5 = 'i.*bt- [S,{' cos K2(20bt + 5342) + ﬁ sin !2(2!bt + batafz (6)

+ ﬁ sin K2(2abt + bztz)]

where 5 and J are the initial values of S and S respectively,

“Un the olassiosl wind thoog windage j 10 negligible, From Mg, 3
one oan get & good idea of the error 1n d by ng the elassical

agsumptions, L
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C Initial Conditions
It is assumed that the rocket poirts in the dimocticc of projection
' a8 observed by a stationary observer ca the ground, »hile the direction
of the trajsotory as otesrved in the moving goordinate system makes an
angle van”l (w/vo) with the dirsotion as observed from the zround, Thus
’ the initial yaw 5, is =w/a,
: ' It is assumed that the initial value of i, that is, ﬁo, is gero. 4
Thus § == §_ whers O, is the initial valus of &, Now & = 1 /av =
:. ] ‘/'. Thus ‘
4 § mal =t
3 90 T % T2 ]
By virtus of the relation @ = T§/av = bS5/(a*bt), 1t follows that J
. ty . .‘-'
a¢ :
° = 0' * b L 3
ty o fo a +bt’ ]
and the windege jump is
- . % 5ae
4 It appears that, if AQ, is the windage jump, then ;
| ‘ v ;
g b dat i
: a%=tv { &5

‘.

(- '

Tl 2
=X d1a c_“ E/ij‘b x°)] | (7
4 ‘ C‘n‘ on:o:(gxg) {s(xb) - l(xo)}- lin(‘%' xi) {c(‘b)‘c(‘o)}]

e i b S

%, ® & + bty is the velocity at the end of burning,
) b 4 . x ’r
. b 8(x) sad C(x) are the Fresnel integrals | sin gvadv snd [ cos ’ivzdv ‘
respectively, 0 0 ;

The results obtained for the windage jurp are consistent with those :
given by Peters, reference (2),

¥
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It appears iran (7) that Gy’ #/a) jecencs .pun twc quancitiss only,
xy and x,. Fcliowing » rrocec.re simila- to that adoptsd by Slitzer, it
would bo sorvenient tc plot & g ‘w azeinst xp fcr various veluss of xq.

However, it arvesars somewhet »cre ~sconvenient to .se on “he plot instead
of x, and X, *we juertities simply relsted t2 toer, P/L inetead =f x, and

v\,/ﬁ. instead of x,. In this P, -he effactive lazgth o the launcher,

= 9.2/2b anc L is +he langtn of ths period of ualamped oscilistion of
the rockot.

The equaticn f'or tha undamped motion of the rccket in yaw is

g + §68 0, From this the period T is 2"‘/,//}/5 = 20’/,/!1?/5. The length
of the period or the "wave length" is vT =27/ 3/n = L.

In view of the fact that K° = '/n/B/2b, ,

x -/_'d- 2/” L\‘/—_ .//é"a‘/%ﬁ‘ a/ﬁ‘nE/%/F,
Since 82/2b = P

x°='2 P/L .

Furthermore o 4
/ ZF .4 o/m - J 1/2v [2m/L —vb ;

= v = ] v =
® / SRS 55

In Mg. 3 are plotted (Ae,,-a/w) vs, v//bL fer various valuss of P/L.

Devieticns _

8ince the anble of projection was taken as ¢ 7'/2 the engular deviation
from the vertical in the moving refersnce frame at time ty 18

- /2 = w/a + windage jump (8)
This is to be transformed to the fixed refersnce frame, If x,y are the

coordinates of a roint in the fixed frame and x',y' those cf & pcint in
the mouving refersnce frame (moving to the right with the wind)

x=x'+ ‘lt, y = y'c :J

From this, ,
Aot *wt)

dx ex' ., w :

a? = §¥.v = dy? a + 5% ) (9) :

If the deviation of the trajectory from the vertical is small,
' =dx/dy is the deviation in the fixed reference frame and -dx'/dy' in

the moving frame. From (8)‘
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I = 6 =7/2 = w/s + win'a s iuzp,

If the deviation from the vortical on the {ixué eccordiraie {rame is
0 designated B, .
2x . /(ae
g =- (=) = w/a + winaage Junp - &/{a%:%), (10)

ENIR - 18
By virtue of equations (7) end (9) the deviation Irom the vartical
is

2 - 2)

MR

lecos ” .
{ - 'R‘xo{ccs (gx;)'(s(*b) = 8(x5))
- sin (f;xi)'(C(xb) - C(xo))}]
. 4

p/(w/a) depends upon the same two quantities as A9,/(w/a). Acccrdingly
in Pig. L are plotted values of @n/w vs. vb//ﬁ fcr various values of P/L.

Although the methods of derivation are quite different from thcse
previously used by Blitzer, the results are consistent with his,

Bac

By ks

= |
o Cn the classical wind theory

6 .
o)

By comparing pa/w from the chart with (1 - ‘_TL) one svaluates the adequacy
b .

o e oo .
.

- Nae

s or inadequscy of th: classical assumption for a given rocket-iauncher
D combination. From Figs. 3 end L one can elsoc prspars plots of a/w for
various cembinestions of a, b, and L to investigate whet types of launcgher-

rocket characteristios vill minimize wind effects, This may be of impcrtence
in the design of rookets,

More general epplications

: The treatzent of the motion of the rooket has been based on the assump~
1oa tion that tt e rocket is fired vertically or nearly vertviceclly, However,
Poas this limitetion on the angles of projection may easily be removed. Whate

ever the angle of projection, the results may be applied without change to
the angular effects in the slant plane producec by a crcsswind, One
. obtains the chengze .in azimuth by multiplying the change of angle in the
) slant plane by the secant of the angls of projestion. To obtain the
aanguler changes in the plane of fire one substitutes t'or the wind w its
component normal to the trajectory in the plene of fire,

Vo ~ _
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Variable #Winds

Sc far the wind ras Heer congidered tc bs unifnrm, crnstant in
¢irsctior, and indeprerdert ot aléi<ude, Actually, c! course, thi: assump~
tieor 4oes not hole., Hcwever, the windage jump is greav sicush to ba of
impertacnce in comperisor to ﬁ/l only in the case uof hijh acceieration,
6,5, groater then g, whicn usually lasts only a short time enc fo- a
relatively short trajectory. Thus the essumption of constant wind may
be valid for short burming rcckets and for the psariod in vhich the long-
burning rockets are bcosted, After the booster action stops, the sasump=-
tion of the classical theory that the rooket turns immediately ncse on
into the wind should te sufficiently good, Under such conditions it will
be feasidle to ocnsider the effects cf a wind which varies v th altitude,
Such e discussion will be found in & forthcerming report on wind effacts
and weighting factors for rockets fired nearly vertically,

RH 1T

R, H, Xent
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& 3 /,{ /ltw[{w acho
A, S, Galbraith
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| Table for P/L and wA/SL

this table ths parzmeter P/L and the abscis:za
needad t0 use the curves of M oures 3 and 4 can

be read, given
a, the imitial velocity of the rocket (that :Lq,
ths veloeity with which it leaves f.he launcher)
in NQ/U.OO’

. b, the accelerstion, in ft./sec.?,
ty, the time of burming, in seconds,

a/B, in £8.~2

In each block of the table P/L is the same for a

col\m,andthaabad.asano b appears in the
exanple, if a = 200, b = 100,

. column oppos i‘ba tB
by ® o.18, = .5:10-4. table gives P/L = o.soa.

’b % 1.094.

) ~ 9=
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S man/E )

~.

= 25 (ft.’sec.) 0% n/3 2 0.25 (ft.'a,

a
P/ 0.202 0.001 C.000 0,365 0,300 0.330 0.005 2.900 2..00 .00
i3
ty 100 250 500 1020 1500 2009 2500 3000 3300 - 4000
. . e Celbo mbul' 00076 ;'.':79 00335 veuwIU T-";‘s -IDO
A0 L0399 .939 L095  L112 L1288 L0442 L1556 L1537 W78 .190
W16 113 L111  L126 L1568 L@ vuld5 225 .244  .232 L2798
016' o:l .116 0132 0155 01]3 -318 o’)") 3250 -279 -:37
W17 0 L1180 L1200 G139 L1784 L204  .230  .258  .276  .296 LIV
¢18 121 ,125  .145 .183° .213 .2485 ,288 ,291 512,332
'.19 L1246 L1290 L151 .152 .226 .236 .282 L108 .32 .E60
.20 L127 .134 158 .201 .257 .268 .296 .%22 .346 .368
a w25 (ft./sec.) 10* n/® = 0.50 (£t.=2)
P/L 0.003 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-‘ B
%% 100 260 500 1000 1500 2000 2500 3000 3500 4000
210 117 L1086 .118  .13%3  .152 .169 .186 .139 .213  .225
A5 L1534 .133 150  .186  .217  .244 .268 .291 .312 .33
Jd6  .138  ,138 . 188 .196 .230 .259 .285 .309 .332  ,388.
W17 141 L1435 .165 .208 .248 .274 .302 .323 352 .374 .
A8 144 L149 178 .217  .256  .289 .319 .346 .371  .395
.19 .148  .15¢ .180 .228 .269 .304 .335 .364 .391 .416
.20 .151  L159 .188 .239 .282 .219 .352 .283 .41l  ,.438
a e 26 (£t./se0.) 104 n/8 = 0.75 (£t.72)
P/L 0.006 0.002 0.001 0.000 0.000 -0.000 0,000 0.000 0,000 0,000
b .
100 250 500 1000 1500 2000 2500 3000 8500 4000

10 .130 .117 126 .147 .168 .187 .204 .220 .235 .280
71‘ 01‘9 ol‘e 0166 0205 .240 .270 .297 0322 0345 .367
.16 .152 .132 .174 .217 .254 .286 .316 .342 .367 .380
17 .166 .188 .18 ,229 .268 ,303 .334 363 .383 .414
18 .160 ,164 .191 .2¢1 .283 .520 .35% .38 .411 +437
19 .185 .170 .199 .262 .297 L3836 371 .4083 433  .461
020 .167 0176 0208 .264 0312 0353 0590 .424 0‘55 0484
s 2 25 (£t./ssc.) 10% n/B = 1.00 (ft."2)
“F/L" 0.0086 0.002 0.001 0.000 0.000 0.000 0.000 0,000 0.000 0,000
b .

% 100 260 500 1000 1600 2000 2500 3000 3500 4000

0.06 0.120 0.094 0,089 0,085 0,103 0.112 0.120 0,127 0.135 0.142
10 .140 .126 .134 (158 ,180 ,201 .220 .237 .283 «268
.15 .,160 .158 .178 .,221 .257 ,250 L3819 346 371 .3%4
16 164 .164 .187 2833 .2783 .308 339 .368 .394 418
17 «168 «170 «196 0 246 289 «328 389 «390 418 445
e18 L1782 177 L2058  .259 .304 (343 379 .412 442 470
19  .176 .188 214 .271 .319 .36l .399 .433 .465 .495
.20 .,180 ,189 .22 .284 ,335 .379 .419 465 .489 .620
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h x, =/ )

a3 25 (ft./sec.) 1ot a2 2 1028 (££.°2)
P/L 9¢205 0.u02 0.001 5..51 0.0CC 0alU) 1,300 0,300 C.330 <eC00
L)
Y 100 250 6O 1000 1800 2000 2500 3000 31XGO0 4000
P : . W T lor T3 oy I3 NI
.10 148 L133  L141  .167  Li31  L,ri2 .202  .250  L,257 ,284
W15 189 L1886 L188 .234 .272 L 38  LS37  .386  J33% .4l7
W16 L1730 L17% 198 L2347 .239 L1255 L5539 L339 L,217 .44
ol7  W177 180  .208 L2250 L3065 | L4 o330  .412  .342  .470
W18 181 L187  L217  W273 321 LI63 o401 .435 467 497
19 L1956  L198  .226 .29 .338 ,332 .422 .458 .492 .524
20,190 .200 .2386 ,300 .3554 .401 ,443 L481. .517 .560

10% /B = 1.50 (£¢.~2)
0.000 0.000 0.000 0,000 0.000

‘a = 26 (£t./sec.)
P/L 0,006 0,002 0.061 0,001 0.000

\.b
tb\; 100 280 600 1000 1500 2000 2500 3000 3500 4C00
10 165 140 .148 L17B .200 .222 .243 .262 .280 .257
16 L1177 L1756 197 L2844 .285 ,321 L353 .385 L4100 .436
: 016 0181 0181 0207 0258 0302 0341 0375 0407 0437 0‘64
«17 185 188 ,217 L,272 .319 360 L 397 431 463 492
.18 .190 0195 0227 0286 0336 .530 0419 0455 .489 0520
19 194 ,202 ,237 L,300 353 .400 .44]1 ,479 ,515 . 548
20 199 ,209 .247 .314 L3700 .420 .464 504 541 +576
- & = 25 (ft./sec.) 104 n/B z 1276 (£t."2) _
P/L 0.006 0.002 0,001 0.001 0.000 0.000 0,000 0.000 0,000 0.000
) _
tb'i 100 250 600 1000 1500 2000 2500 3000 3500 4000
10 .161 ,145 .154 .181 .207 .231 .2582 .,272 .291 ,308
16 .,184 L,181 L2056 L2654 ,296 . 333 L36T 398 427 453
.16 .183 .189 ,215 ,268 .314 .354 .390 L4283 .454 482
17 1983 196 226 L2883  ,332 374  L41T 448 481 L6511
18 197  .203  .238 L297 L,350 L3955 .436 4T3 .508 .541
19 4202 4210 L2486 312 368 416 459 498 .536 .570
w30 4208 .218 L267 .326 .3856 L4356 .,482 .52¢ .562 .639
a s 25 (£t./se0.) 10% n/B s 2.00 (£t.~%)
P/L 0.007 0.003 0.001 0.001 0.000 0.000 0,000 0,000 0,000 0,000
b O
:;\\\ 100 250 500 1000 1600 2000 250G 3C00 3500 4000
0.056 0.142 0,112 0.1086 0,118 0.122 0.133 0.143 0.152 0.160 0.168
10 .166 150 ,159 .188 ..214 .239 .261 .282 .301 .318
16 190, 188  ,212 ,263 ,308 <345 © .379 .411 441  .469
16  .194 L1986 L,2285 ,278 . 8325 ,366 .40 | 437 .460 .499
17 199 L2083  .254 .293 o343 387 427 4885  .497 «529
.18 .204 210 .244 308 ,361 .408 .451 .489 .526 .5B9
19  ,209 ,218 ,286 . 323 380 430 _ 476 .515 .563 589
20 L2133 .,225 ,2686 .,388 398 .451 .458 .5641 .581 .619
=]lle
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- zb ™3 'b‘/ \M \‘!

s 2.28 (£%./sec.)

10* n/3 5 2.25 (r+."%)

P/L 0.007 0,205 0,301 0.001 UeCH) 24.39 04000 0,300 0,000
. b
500 1000 200 250C 30C0 2500
r v Terol C.137 C.158 ..155
- 10 171 156 L1664  -138  .221 .26 .269  .290  .310
W15 L1986 L1983 L219 L2700 LI15  L335 W35l .424 454
18 200 201 .229  .296 L334 .3°7 .13 .450 .433
W17 205 0209 .240 .301  .353 G359 o440 47T .512
(18 4210 L2168 L2501  L317 o372 421 484 304 .54
W19 L215 L2264 L262° 332 391 443 o489 531 570
020  ¢220 4292 273 . 548 410 464 513 .558  .599
) % = 25 (££./se0.) 10% n/8 » 2,50 (rt."3)
P/L 0.008 0.0035 0.002 0.001 0.001 0,000 0.000 2.000 0.000
)
100 260 500 1000 1500 2000 2500 3000 3500
[ ] ’ [ ] [ ] * [ ) [ ] L ]
0 176 .15 .168  .198  .227 .263  .276 .298 ,L318
16 . ,201 L1988  .22¢ .277 L3244 365 .40l .435  .466
A8  .208  .208 L2386 295 L343  L587  .426 .483  .496
W17 L21)  L214 L2477 309  .362 .409 451 .430 .528
J8  ,216 .222 .258 325 .382 .432 .477 .517 .3SB
019 0221 .330 .269 -3‘1 .402 . 0‘55 0502 05‘5 0585
.20 .226 0238 0280 0357 .421 0477 0527 0572 0615
. a = 28 (£t./sec.) 10% n/B 2 2.75 (ft.'z)
1)
1) 100 250 500 2000 2600 3000 3500
.10 .180 ;162 .172 .208 .232 .258 .283 ,306 .326
T W18 +208 .203  .229 .284 .332 373 .411 .446 ’ .478
W16 o211  L211  .241 .30} .352 .396 437 .474 .508
J17 L2168 .219 283 L317 (371 .419. 462 502  .538
J18 1,221 ,227  .264 .333 .391 .442 .488 ,630 .568
W19 4228  .238 L2768 .350' .411 .485 514 .568  .599
) «20  .251 .24 .287 .366 .431 .488 .539 ,586 .630
aa 25 (ft./sec.) 10¢ n/B = 3.00 (£t."2)
P/ 0.008 0.008 0.002 0.001 0.001 0,000 0.000 0,000 0,000
) S .
‘ 100 250 800 1000 1600 2000 2500 3000 3500
10  .184 186 L1766 .208 .237 .284 .289 .312 .333
215 210  .208  .256 291 339 .382 .420 .456 488
J16 o218, o216 (247 307 359 405 448 484 519
: 17 4221 L,22¢  .259 324  .380 .429 .473 ,513 .6§O
. 18  .2268  .232 .270 .340 .400 .452 .499 ,542 581
J19 281  .261 .282 ,357 .420 .476 .526 .670 .812
20 236 .249 .294 .374 441 499 .651 .595 .643
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a= & (2, / 3ec.) s =, 2
0.71F Oatrg CoOfa 0,001 CoOd 0006 Dgi=c 4060 24300 DoC
7 280 800 2000 %2 W0 2 : aser o o0
R AT L R L R b Ry O
oT - .1:0 . -" n:---) .;_ - .- . 1 . l
- “ - asa 17° - ~ma - -~ 9 -
o PR s o/ . - . - o .- o = o
- -: H -:10 o 4 o.--'- .“-,.4 o o~ . . 21 .
- 1,2 3 e * 2 > : : 1.9
. LR LR LR ® ° .- Q. .
- - -~ - -y - P - - -
- e .'—"'9 .1.’7 .2'.'5 .~,33 .~i';” ot .- . - .."'L PP
G817 W83 234 G2k 271 2% W A W0l
20 o7 i 89 223 258 204 .oiC 238 288 3%
. = 2
a=*C (£s ‘II‘-) I“: es "
C.0 n,0C6 0,703 0,201 C,001 0,001 0,0C1 I.CrO 0,000 C.'T’."

2000

.188
«263
278
293
302
<323

.m
W15
16
17
.18
.19

231 218 °

25¢cC

«202
i
302
319
335
352

3c70

215
306
0325
o343
361
.32C

20,235 g;z 225 265 322 338,365 0% 425 L4351

= ad

P 0,017 €,007 0,003 0,002 0.CC1 0,0C1

10%a/8

= 0,76 (£8.”2)

€.0C1

c.001

Co20C

1c0 25C 500 1000 15CC 2C00

asee

3C00

35C0

0.2C4 0,147 0©.124 0,117 C.120 0.125
266 176 192 208
247 .2TE 307
252 292 .2

307 .34~
321 .357

23 .17
o241
o245
<249
252
.2’6

+205

282

c.13¢
223
316
o334
.353
271
-)%

C.135
237
339
359
.380
«40C
42
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251
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«383
402
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o449
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= m= v/ for S
4 -3
a3 5 (2%, [see) 12 n/B=12.25 (£t )
P/L 0,2 LS00 G060 0.002 b.ORY B.021 opp) Doand . (Gie Daong
EN" 0 35 500 1770 1500 2000 2500 NG 3/pn 400
9
£,08 0.732 .167 C.141 €.133 ¢.136 C,151.0,147 0,154 C.150 C.1566
<10 o83 ol +12C o0 o218 o238 253 3o g B o 200
A5 L3 o3 .39h 67 LHD 0 350 885 Wik o
J6 278 L340 25 BED 306 L9 380 JI0R TUEhE Lanh
A7 263 X7 255 293 38 S8R bl 431 JEG Liiv
A8 287 253 2BL 387 - JBA9 0 387 L2 454 0 B85 hAk
19 ..201 260 274 .320 365 406 443 47T J510 540
20 295 %7 263 333 ,3€1 404 464,501,835 547
a =5 (£t./sec) 10%n/8 = 1.50 (£¢”2)
P/L_ 0.024 0.010 C,005 0,002 0,002 0,001 0,01 C,001 0,001 0,001
ER 100 250 500 1000 1500 2000 2500 3000 3500 4000
0.05 0.243 0.174 0.128 0.139 0.142 O.148 0,155 0,161 0.168 ~.174
J0 265 209 198 ,209 . ,228 .247 .265 ,2€2 .29 .34
A5 297 244 ..247 ..279 313 346 375 W03 J429  J454
26 291 T 251 - 257 L2093 331,365 .297 427 455 482
A7 206 252 267 307  J348 0 .385 419 451 .481 L510
JE 300 265 276 .321 365 405 441 476 507 .538
Jd9 305 272 .286 U335 .382 425  .464  .500 (533 .565
420,309 279 .2 2 %0 g
a= 5 (ft./sec,) 10‘:1/2 = 1,75 (i‘t.‘z)

0.026 0.011 0.00f 0,003 0,002 0,001 0,001 0,°C1 C,001 0,001
ﬁ$ 100 250 500 100C 1500 2000 2500 3000 3500 4C0C
C.05!C.252 0.181 0.154 0C.145 C.148 0,154 C.160 0,167 0,174, C.121

A0 275 218 .205 L2188 ,237 .257 .275 .293 .310 .327
A5 298 .254 .256 290 ,326  .359 .39 419 446 AR
Q6,303 261 267  .305  .344  .380 413 L4 W4T W5C1
A7 307 268 277 J319 361 400 436 W59 L300 .530
A8 312 276 287 334 W37 421 459 494 527 .559
A9 317,203 292 4B .397 441 482 520 555 L5eF
20 2 08 12 c 5458 2 217
a = 50 (ft./sec.) 10%n/8 = 2.00 (¢t,”)
P 0.028 C.011 0,006 C.003 C.002 0.001 0.Cr1 0.0C1 0,001 0,002
0 ® 100 250 500 1000 1500 2000 25CC 3000 3500 4C6C
0.05 C.261 C.1#8 ©.159 0.150 0.153 ©.159 C,166 0.173 C.180 0,17
J0  .285 225 212 225 ,2%5 .265 265 303 .3°1 338
J5  .308  .263  .265 .300  .337 371 403 433 461 482
Jd6 313 270 276 .315  .355 .392  .427 459 489 .518
A7 318 278 .286 330 374 JAl4 451 485 517 U548
J8  .323  .285  .297 .45 .392 435 474 511 545 .578
JA9 .327 .293 .308  .360 410 . 498 537 5713 bce
2 18 375 428 477 522 863 601 633
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a = 50 {ft./s2c.) : 10°0/7 = 2,25 (72
P/L 0.030 £.m2 0,006 0,050 g2 ~om o0 G.001 6,501 .00
Q’\:' 100 250 500 9aen 1500 2000 370 3000 3590 4000
C.05 C.c60 0,192 n.164 0.255 0.157 0.184 ©.171 C.27¢ C.236 C,1°3
A0 203 232 219 L2332 282 2P 233 W51 L300 o6
L1521 270 273 L9 LT 2 415 LU "5 502
01:” '322 .:-7'3 -2:4 o::L . : T3 0;74 v‘;—ns -~7~ - \‘;- 0;33
017 0327 02% 0295 .3"‘0 -.":'- f -l"“.- .L:\‘ e’ G 04:'3 . :'--‘.
.18 !332 .29‘ .3{\6 0355 .br‘,. 0“8 ct’t: .526 -5(":- 05'5
9 337 301 317 371 423 470 513 L5553 501 LJA26
—a20 2 L deo 28 306 442 4R 537 57 £10 k57
= 50 =3 ‘ o‘ =2 ':'*.521
P/L_0.031 0.012 0.006 0.€C3 0,02 0,002 0.°c1 0,771 C.col 0,002
b 100 250 500 1000 1500 2000 2500 3000 3500 4000
0.05 0.27%6 0.1%8 0.168 0,159 0,162 0,168 0,176 0.183 0.19n 0.192
Jd0  .301  .238 .224 .238 ,259 280 301 321 .33¢ .357
A5 326 278,280 317 .356  .393  .426 458 488 516
Jd6 331 286 292  .333 376 WA15 451 485 517 L5477
A7 336 - 4293 303 49 395 W437  WATT W53 54T W50
28 L34 301 314 W365 LAl W460 502 W54 5T Ll
19 346 309 325 .38 434 W482 527 562 G662
20 351 317 337 397  LAS &0 3 635 6
! . 4 = 50 (2t ) 1008 = 2,75 (e2.°7)
P/L 0,033 0.013 0,007 0.003- C.002 .0,002 0.002 0,001 C,001 0C.001
N 100 250 500 1000 1500 2000 2500 3000 3500 40CO
‘ 0.05 0.2682 0,203 0.172 0.162 0.155 C,172 C.179 C.137 0,155 C.203
' 210 .08 .24k 230 244 .265 .287 .308 328 347 L3606
| 015 033‘ 028‘ 0287 ' -325 .365 ; 'm 01037 0‘69 0499 -528
| 16 339 2R 299 41 .385  W425 462 497 .520  J560
J7 344 .30 310 357 405 W448 488 525  .560 593
\ 8 349 309 322 374 425 AT 51, .553 590 L6825
| ™ 19 .35‘ .317 -333 0390 ow 0494 ® 5‘0 . 582 0621 ¢658
i : 20 360 325 345 406 464 ,517 565,610 531 ;600
et . -2
! g a = 50 (£t./sec.) 104::/’3 = 3,00 (°t. )
| - P/L 0,03, 0,014 0,008 0.0C3 G,002 £.002 C.001 0.cC1 C.0C1 C.0C1
R 100 25 S0 1000 1500 2000 2500 3000 3500 4000
0.05 0.289 0,207 0.176 0,166 C.169 C,176 C.134 0,192 $.200 0.208
_ A0 315 249 235 249 271 254 315 336 355 374
015 03‘1 0291 029L 0332 -373 om -Uo6 0‘79 . 510 . 540
* Jd6 347 299 305 .349  .393  .435 4T3 508 541 573
17 .352 307 317 . 365 413 458 499 537 52 LO06
A8 357 315 329 382 434 482 525 565 603 .539
19 .362 324 J340' 398 454 .505  J551 504 W34 WBAT2
20 .368 7 8 78 62 D6
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a =100 (£t./3ec.) 14 n/“.’ = 0.25( £t.=2)

P/ 0,040 0,006 20008 DeC0h 24003 -elir Cecl2 Cevik 2o 3

L] J ) K - ] il o
223 139 WJA B2 WLD 127 W26 WG
[ 0245 o:a 0223 0237 -2:‘2 o::: ‘2:3 o:'

1o 327 250 227  $232 W23 XG5 oI W0
017 ' 0330 0254» 0233 ' .?J.l 0259 0278 .2’\—‘6 osu [ o
019 0336 .263 o% -259 220 oB& .32‘5 034\5 03"‘
.20 om 0268 E 0252 0268 .201 oﬂs 03” 0361 0)31

& ® 100 (ft./sec.) 10% 1/3 = 0.50 (£t.™2)
PL 04056 0.02 0.001 0.006 0.004 0.003 0,002 0.002 0.002 0.0C1

W\’ 100 3250 500 1000 1500 2000 2500 3000 3500 4000

0.05 04352 94238 04187 0.159 0.152 0.150 0.151 0.153 0,156 0.159
010 0%9 .265 .225 cm oﬂ? .225 om 0245 ¢255 0265 1

s I 0297 2T W26 294 W35 W335 355 G374 o393
a7 WBR IR L2TT 4286 307 330 G352, o374 W4 WAL
A8 396 G308 |, 285 297 320 G345 G369 P2 LU U435 3

-

- R R e U T !

d9 9 L3 293 308 333 360 o386 W40 LU G456
020 WA0F  WJT8 L300 N8 WJUb

a =100 (£t./sec.) 104 n/B = 0.75 (ft.™%)

P4 0060 0.028 0.04 0,007 0,008 0.003 0.003 0.002 0,002 0,002

. 100 250 500 1000 1500 2000 3500 4000

0 K08 W204. W29 W25 A0 W2A9 260 271 282 W20
df  WAR2T 323 291 K294 W12 332 353 O3 X2 41
o1 431 W3/ 299 305 W3M 0 W39 W37 W93 LU 434
X7 - Wh3h 33 307 AT W30 365 3P0 413 436 458
18 438 340 315 329 0355 W38 WAO0E WA34 A58 W48
-3% > 0340 0369 ’ 0”8 0427 454 0480 0505
20 JA46 352 332 352 G383 o415 445 W474 WSR2 528

-8 =100 (ﬁo/ﬂ.@o) 1$ VB =1.00 (ftod)

0.080 0.032 0,006 0,008 0,005 0.004 0,003 0.003 0,002 0,002

375 403 A2 5L LTT |
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a = 100 (ft./32¢.) 104 o/ = 1.25 {4.~%)
D/ 0.090 0.036 3,013 0.206 0eu06 Je004 2400 0.203 2.003 -.202

o
SN\. 100 250 500 100 1530 200 2500 3000 350 4000

TeDB 0ul3 04300 00230 2e370 0e100 CoiC 0e130 00103 ol 54200
10 B4 T34 283 G267 W22 273 295 200 WM U
015 o485 $367 330 &332 WJ%4  WSTT WALl Wi Wb G257
1B W39 W73 W30 24T AT 000 W22 LT el e84
17 o454 0380 0345 0363 287 VAL AL eis’ 0436 o320
18 98 - «387 «358 «J73 o403 o34 AT <3 o321 o547

09 SR . B8 3BT U2 453 LS usib W54 % |
20 o506 o400 o377 400 W436  WLTL W56 5 o570 W00
a =100 (ft./ssc.) 106 0/8 = 1,50 (£.~2) _

P/L  0.097 0,09 0,019 0.000 0.006 0.005 0.004 0.003 0.003 0.0(R
100 250 500 1000 1500 2000 2500 3000 3500 4000

-

W10 486 W349 296 279 285 296 L309  W3R2 336 W349
- 15 o508 o384 @345 W39 W3TL  oI95  WA19 443 WA56 W459
o6 o512, «PL 4355 4363 388 G415 W44 468 493 W5M7
..;‘.17 l517 .$8 0%5 0377 010% 0434 ’ 04& 0492 0519 05“
al8  BSAU 405 375 WPL AR W54 WABD 516 G545 SR
. o19 o525 WAIR 385 405 AP WATh 508 540 STL L600
020 529  WAl9 05 e4l9 o456 o494 o530 o564 o597 628

: 5 ’ . /
a = 00 (ftolﬂ.co) l“ D/B': 1.5 (Ro‘e)

P/L 0105 0.042 0,623 0,001 0.007 0,005 0,004 0,004 0.003 0,003
; 5 100 250, 500 100Q 1500 2000 2500 3000 3500 4000
T «d0 0505 -0363 -339 290 -296 0303 -321 -335 03109 0363
oS 528 4G o359 o363 4385 HA10  WA36  WAOL 485 o508
16 0532 406 80 &377 403 W4TL 459 486 W52 W537
A7 53T Alh 380 W02 A U5 AR S11 539 W566
18 SAL LA 390 406 438 ATR S05 o536 566 4595
019 546 o428 400 421 W456 W49 4528 G561 o593 W62

20 SEL 43 ' o0 435 AT .53 .35L  .586  .620 653
k3 5 lm EEQ‘S‘O;) 1“ n/B ;w (ééoé)

“P/L 012 0.045 0.0R2 0,011 0.007 0,006 0,005 0.004 0,003 0.003

ty ‘100 250 500 1000 ° 1500 1000 2500 300C 3500 4000

A5 . o546 413 37X 375 W398 W26 W451 476 o501 A525
16 o550  #420 W38 W00 WLl6 LB A 502 529 555
17 o555 o428 33 405 435 40T 498 o528 557 o555
aI9  W565 - 2443 ALL o435 A2 o509 o546 o580 JBl3 645
o20 oS@ ) 0450 om 0450 0490 0530 o5$ 0&6 0641 0675
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a = 100 (ft./sec.) 104 n/B = 2,35 (££.~2)
y:, O.]l9 3.&; Cou 0.01.2 Telni8 'Jo?% 3.005 0'\:04 0.00T SORRD)

100 252 500 1000 1300 200C 2500 2000 353C LU0

i : ) Q2 0 Jeka) ey R POL

«10 6538 W3C6 328 #3099 WI13 W3RD G342 G357 2R W32

ols 0562 0425 0333 0386 et 0437 0:&54 .[,"l ./16 o3l
16 0567 o433 +293 402 1 529 o) S o327 03> TR
017 0572 0“0 ol’—C‘ 0417 .413 .:r:l . :1 ojw -,'-7 o’;"\;s
«18 ST LAB  L15 433 43T 503 o337 571 W833 W63
19 | o581 456 k426 G448 W6 k524 G562 o563 L5632 W(04
020 o586 W64 WA3T  WABh o305 o546 o386 W64 WSOl 95

& =100 (£t./sec,.) 104 n/S = 2,50 (£t.~2)
P/L 0.126 0.050 0.025 0.013 0,008 00006 0.005° 0.004 0,004 Cl003
ty, 100 250 500 1000 1500 2000 2500 3000 3500 4000

L]

0 52 o397 o337 JAB 32U o337 W1 367 382 %7

15 ST1 436 393 o P7 LA A9 LT S50 530 555,

16 SBR MAhh WA04 412 A0 AT 502 531 560 4587
X7 o587  &452  WAA5 428 B0 . W44 527 $559 o309 L619
18 o592  AB0 W46  WAhh AT W56 W552 586 W619 W650
.19 ) 0597 0468 . 437 01060 ’ 04% . 5” ® 5:77 06]4 ’ 0649 .682
«20 602  WATE A48 ALTE 518 W56 W602  WB4l 678 ST

a_= 100 sec.) 104 n/5 = 2.75 (£t.72)

P 0.132 04053 0.026 0.013 0.009 0.007 0,005 0.00, 0.004 0,003
100 250 500 1000 1500 2000 2500 3000 3500 4000
D UeRB7 Ueld UeldZ Ue2J0 UL V3% U2 UZZ

«10 o565 . o v o345 0325 W31 G345 W360 375 o1 406
15 o581 44T A0 406 WAT1  W4B0 WAB8 516 543 S
-16 0596 © o455 VAVA -422 0451 -482 51h Sbh 573 601
w17 O 483 425 A AL 505 5T STR 604 634
18 006  WATL  A37 455 49l W5 SE5 H00 6346 666

‘ .n 'm O‘ﬂ 0448 0471 Im [ ] 55 l Oﬁl 0628 0&4 .& 8

a®100 (ft./sec.) 104 n/B = 3.00 (it,~2)

038 04055 0.028 0.014 0.000 0,007 0.005 0,005 0.004 0.003
; 3500

A0 ST LI5S 352 W3R LI G352 G368 G383 W399 K415,

o5 804 457 41l 415 W44 A0 499 o527 W555 o581
16 609  UBS 423 WA3R O WLEL 493 525 556 586 JA14
017 061‘ 0473 0‘34 0448 04& L} 51" 05 51 . 585 0617 0648
d8 o620  SABL  WA4D  WAB5 o501 540 J5T7 W613  JB48 6EL

- 19 625 o490 A58 4Bl W5 564 JH04 B2 6™ JTU

o20 o630 498 LT BB 542 o587 60 LTL  JTA0 ST
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T = VoAST

"-\ \.
=150 (£%./302.) 10% n/f5 = 0,25 (£5.~2)
= 00097 0a036 Coind 00000 570 Codid SeT74 0e003 24003 Ce0R2
100 250 1200 1500 2005 253C 3000 3503 4500

. Je&37 Jeddl, Joase wem.3 50&53 50:55 0—033
Jd0 G251 G312 L2520 ,223 0 W19 S W335 G232 W23 U5
dE W86 W335 el 268 273 W0 TS PR O 03B
10 W8 W33 W2B0 27T 23 W26 Y3 WS4 W338 252
27 WAL M5 S 235 &5 #330  o2h wtadn w355 R
dB  LTh WM o203 W04 W06 o222 336 o350 T2 G338
»19 - AT7 '352 «209 0303 5317 0334 0353 0371 P :") 0lhb
20 G430 o357 o315 WJ12 W328 G347 4367 W358 A5 W2
a8 2150 (ft./sec.) 10* n/3 = 0,50 (£t.=2)
PA 0127 0.051: 0.025 0.013 04008 0,006 04005 0004 2,004 0.:73

3020

3500

4300

00 o537 3L 300 1265 260 263 268 o276 .28 o2

15 554 P8 338 A8 JR5 K338 352 367 32 .398.

Jd6 o557 o403 o345 32 o338 353 360 366 L4003 WA19
07 , 560 w408 353 3R JBL B 36 L% W2 o

18 o564  SJAYA o300 350 o364 W323 403 A3 AdR  WA6L

19 o567  A19 368 o361 377 W398 419 W44l 462 W483

20 + ST L2 375 371 390 W43 &30 450 LR W3

as=lo @tnlseco) 10‘ n/B = 0.7 (ftc.a)
0155 0.062 0,031 0,016 0,010 0208 0,006 0,005 0,004 0,004
100 250 500 1000 1500 _2000 2500 3000 3500 4000

JO0 .04 WAl 33 204 4288 .01 .07 4305 W34 323
5 613 ol40  3Th o352 o355 37 4300 4D A2k o440
15 616 L 382 364 374 o200 408 JART  Llb W44
A7 620 452 o300 36 J388 40T o427 WLAT o257 WLE7
.18 om 0458 0398 0387 th 0424 0446 0468 -4'89 ' 0510
019 0627 0464 '407 L4 399 01&17 o“‘o 0464 04:18 [ 511 [ 534
20 631 WAT0 415 AL 431 G457 G483 J508 4533 u55E

a ® 150 (£t./s0c.) . 104 n/B = 1,00 (££.2)

0.7 0.072 0.0% 0.018 0012 0.00 0.007 0.006 0.005 0.004

100 250 500 1000 1500 2000 2500 3000 3500 4000
A5 658 LT3 4Ol ST 356 L0 W9 W43T 455 W4T
016 0662 -4” '410 ' -”1 .4& 0419 010” 0459 04’” 0498
A7 666 4B6 W19 WAL W17 W37 o459 WL8L  .503 W52
A8 6T 492 A28 416 433 W55 4T o503 o526 o549
Q9 BT 498 AT 4B B LT3 A0 o525 550 5T
20 T8 505 Jubb  Wh2 Wbl W91 519 W54 o573 LS9
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~ X = mABLT N

2 = 150 (“t./sec.) 10% n/0 = 1.25 (£8.7%)
/L 0.200 0,080 0.C40 0.020 Oe%5 0.3l Ced08 0.307 04306 0..C;
3
th 100 250 500 1000 150C 2000 2500 3000 3500 43¢

Jo * Ve [ YA ) . &
10 06'3 0467 0377 0333 o:-. 033':' 337 0347 0357 o::7
015 o096 500 WAL WA00  WACE WDl W43 W45 WAL IS
16 o730 W577 W3 ALL  2GR5 WAL WABA WACS W5 327
17 o704 Slh ol LT ol A o5 553 o33 o354
018 om 0520 0453 044.0 . 0457 o‘u-l 05’% 0531 05:5 05\:0
19 eTI3 527  AD2  ASL JATh 500 527 554 5L K207
«20 T S ALT2 AET WAO0 510 G540 WS5TE 006 W534

8 = 150 (ft./sec.) ' 1% n/8 = 1.50 (£t.~7)

. 0,219 04088 04044 0.022 0,015 0.011 0,009 0.007 0,06 04005

ty 100 250 500 1000 1500 200C 2500 3000 3500 4000

5 ® °
«10 P06 A4S 5 $349  W342 W36 0353. 363 373 384

15 oT2B  S52  Lhh A19 WA2T bbb LB AL S04 524

A6 W73 ST W54 W33 WAh5 W46k W46 o578 W530 o551
J7 ST o538 4bBh AhT o462 WA8L  W508 o532 536 o5
B A2 545 WATh o4l AT o503 o530 o556  .532 o607
9 ST o552 48B4 475 496 523 o552 550 W608  «635
20 o750 o558 o434 GADS o513 o543 S5Th o604 634 4663

a = 150 (£t./sec.) 104 n/B = 1.75 (£8.72)

P/L 06277 00095 0.047 0.0R4 0.016 0,012 O0.010 0,008 0,007 0,006

LY . 100 250 . 500 1000 1500 2000 2500 3000 3500 4000
JdO . W34 508 WAl 0363 0355 359 o7 377 338 X9
15 o757  oShh 462 435 Whdh 462 A4S S03 524 WS4
b WPER 55l AR 450 462 AR W505 o528 551 o573

A7 2P66 o559 - LB WABL 430 W503 4528 o553 o578 J602
A8  JTTL 566 o492 A o498 W52 W51 o578 605 631

19 OTI6 W5T3 503 e493 o515 oB4h 5% 608 632 640

" o0 - o780  JS5BO  (5L3 508 o533 564 4596 628 659 6D

s =150 (t./3ec.) 104 n/B = 2.00 (££.72)

0e253 0,101 0.051 0.025 0,017 0.013 0.010 0.008 0.007 0,006
100 250 .500 2000 1500 2000 2500 3000 3500 4000

JdO ST 525 A4 o375 W07 371 350 B0 401 W413
A5 5783 o563  ATT  A50  WA59  ATT 498 o520 . W54 W503
~16 oTB8 o570 o488  WAB5  W4T8 499 o522 G346 o569 o593
A7 B2 ST8 A9 W80 495 o520 546 W52 o597 W623
8 PT 585 509 495 SU WS4 WS89 598 625 W653
9 B2 593 520 A510 4533 o562 .593 624 W054  W083
20 806 600 o530 o525  oS5L 4584  W617 4650 682 713
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a =150 (£t./30¢.) 10b n/3 = 2.25 (£4.,~2)
P/L  0.268 0,107 0.3%54 04027 92.1C 2303 £.211 G030 7.7 .07
ty ° 100 250 500 1000 1530 2000 2500 3000 3500 4000
o ol 0532 Cosll D0 Cevids Uelid Lokt8 Jedl8 Jeccd Ueni0
A0 7 Al AT 376 ST 3 Al WATL L1 W25
a5 o o5:79 W02 WAIA 473 02 513 535 257 NS

o105 ol1l 337 o393 LT W02 G313 W53T 0 552 JIB6 WiX

17 ey 0595 0:13 WASTA 0511 535 0562 5% -Lls o4
A8 o321 W603 o524 510 #3530 o557 . 536 WI15  WOhh WOTR
19 0326 B0 @535 525 W549 50 L1l 042 673 . W73
020 0831 u618 .546 0541 0568 0601 0635 06& 07\:‘2 073‘

a =150 (ft./s00.) 10% n/B = 2.50 (££.~2)
Je283 0,113 0,057 0,028 0.019 0.4 01 0,09 0.208 04007

100 250 500 10CO 1500 2000 2500 3000 3500 4C00

BB 0,518 0,393 0317 0.291 0.280 04276 0.275 0.278 O0e277
A0 SBOT 555 o449 .3% 0389 393 A0l W42 W42 L4368
o15 828 95 505 o4 486 505 o527  #550  o5TR 4595
016 833 603 516 HA92  L505 o527 L552 . W5TT 602 627
ol7 o838 W11 527  WS508 o525 o550 o577 o604 631 L658
ol o843 819  &538 523 o544 STR R 632 W06l 4690
019 ! Ow 0627 0550 05” 0563 5594 0627 0659 0691 o'm
om 0853 ) 063‘ 0561 055 5 e 583 0617 0652 '657 [ 721 0754

£ ® 100 250 500 .1000 1500 2000 2500 3000 3500 4000

0796 04528 0402 00325 04298 0.257 04283 0,261 0.282 04284
10 822 50 LE0  WA06 /B LR WAL 422 L3 44T
‘15 0848 .609 0517 .487 0497 a517 o5$ 0563 . 0586 oém
16 o853  &6l7 528 4504 o517 - o540 565 W59 W617  W642
17 e858 625 G540 4520 537 #4563 J591  W619 BT 6%
018 0863 ’ 0634 0551 0536 0557 0586 0616 0647 0677 07% ]
019 .868 0642 0563 0552 0577 o’ aw 0675 «7C8 om 1
20  oBT3 650  WS5Th SEQ 597 632 668 W70 T8 TR

& 2150 (n./’”.) .
00 0.124 C,062

100 250 500 1000 1500 2000 2500 3000 3500 4000

OeBld 04540 0ul11l 0a332 00305 00204 04299 00238 0.229 06291
10 - JE40 BBl WATO WAL5 407 AL 4200 G431 WJLAh G457
15 o866 o622 28 W98 508 o528 551 5T o599 <623
ol 872 BT 540 515 529 552 S5TB 604 630 656
17 8T 6P 552 STL 549 S5TS 604 W633 661 6
. 018 .882 .6‘8 0564 0548 0570 0599 oém .661 0692 .'722
Q9 LB87 656 5T (564 590 W62 656 J690 R3 .76
.20 .&; .6“ 0587 058]. .610 06“ .683 0719 .754 .'m
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